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(54)    Signal characteristics measuring and reporting by a mobile satellite telephone using a 
stoled burst of a TDMA frame 

(57) In order to use spectrum more efficiently in a 
TDMA mobile telephone system, signal measurements 
are carried out by a mobile station (4) outside of the nor- 
mal frame structure, i.e. idle frames for signal measure- 
ment are not provided. When a diversity or a double 
data rate mode is being used, a communication burst 

3> 

period is stolen to provide time for the measurements. 
The invention is particularly applicable to satellite 
mobile telephone systems in which the burst length is 
less than the signal propagation time. 
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Description 

[0001]    The present invention relates to method of 
reporting received signal characteristics in a mobile tel- 
ephone network employing TDMA for communication s 
between a base station and a mobile station. 
[0002]    In mobile telephone systems, it is sometime 
desirable for a mobile station to report received signal 
strength and other measurements to a base station. In 
GSM (Global System for Mobile Communications), the 10 
TDMA frame structure provides idle frames during 
which no speech traffic is carried and the measure- 
ments can be made. 
[0003]    This arrangement suffers from the disadvan- 
tage of being wasteful of spectrum resources. This is 15 
exacerbated in the case of satellite mobile telephone 
systems. 
[0004]   It is an aim of the present invention to amelio- 
rate the aforementioned problem. 
[0005]  According to the present invention, there is pro- 20 
vided a method of reporting received signal characteris- 
tics in a mobile telephone network employing TDMA for 
communication between a base station and a mobile 
station, the method comprising making measurements 
at a mobile station and transmitting a report, generated 25 
on the basis of said measurements, to a base station, 
wherein the measurements are performed between 
transmission and reception of TDMA bursts by the 
mobile station and the frame structure of the TDMA 
scheme does not include idle frames. 30 
[0006]   In the case of a satellite mobile telephone sys- 
tem, the propagation time between a station, directly in 
communication with the mobile station, and the mobile 
station is greater than the duration of a burst. 
[0007] Preferably, such a method will additionally com- 35 
prise operating said station and the mobile station to 
exchange two bursts per TDMA frame, wherein said 
measurements are made by the mobile station instead 
of transmitting a burst. 
[0008]     Preferably, the mobile station receives two 40 
bursts per frame from one or more stations and trans- 
mits a burst during a slot complementing the slot of the 
better of the two received bursts, said measurements 
being made during the slot complementing the slot of 
the worse of the two received bursts. 45 
[0009]   Preferably, the base station transmits a meas- 
urement request to the mobile station and the mobile 
station responds by performing said measurements. 
[0010]     The measurements may include measure- 
ments of received signal timing and/or frequency. so 
[0011]    According to the present invention, there is 
also provided a mobile station for a mobile telephone 
network including a control processor, wherein the con- 
trol processor is programmed to control the mobile sta- 
tion to perform the mobile station's role in a method 55 
according to the present invention. 
[0012]    An embodiment of the present invention will 
now be described, by way of example, with reference to 

the accompanying drawings, in which:- 

Figure 1 illustrates a satellite mobile telephone sys- 
tem; 
Figure 2 shows a mobile station; 
Figure 3 illustrates two satellites and two sets of 
cells of the mobile satellite telephone system of Fig- 
ure 1; 
Figure 4 illustrates the timing of TDMA bursts in the 
mobile satellite telephone system of Figure 1; 

[0013] Referring to Figure 1, a satellite mobile tele- 
phone system comprises a plurality of satellite access 
nodes 1a, 1b, 1c interconnected by a high capacity dig- 
ital network 2 (hereinafter "the backbone network"), a 
plurality of satellites 3a, 3b, a plurality of a mobile sta- 
tions 4a, 4b, gateway mobile satellite switching centres 
5a, 5b, 5c providing connections between the satellite 
access nodes 1a, 1b, 1c and other networks 6, a net- 
work management centre 7, a satellite control centre 8 
and a tracking, telemetry and control station 9. The net- 
work management centre 7, the satellite control centre 
8 and the tracking, telemetry and control station 9 are 
interconnected by a lower capacity digital network 10 
which is also connected to the backbone network 2. The 
other networks 6 comprise the public switched tele- 
phone network (PSTN), cellular telephone networks 
and the like. 
[0014] The satellite control centre 8 and the tracking, 
telemetry and control station 9 control the operation of 
the satellites 3a, 3b, for instance setting transmit power 
levels and transponder input tuning, as directed by the 
network management centre 7. Telemetry signals from 
the satellites 3a, 3b are received by the tracking, telem- 
etry and control station 9 and processed by the satellite 
control centre 8 to ensure that the satellites 3a, 3b are 
functioning correctly. 
[0015] During a telephone call, a mobile station 4a, 4b 
communicates with a satellite 3a, 3b via a half duplex 
channel comprising a downlink channel and an uplink 
channel. The channels comprise TDMA time slots on 
frequencies allocated on initiation of the call or reallo- 
cated during a call. 
[0016] The satellites 3a, 3b are in non-geostationary 
orbits and comprise generally conventional satellites, 
such as the known Hughes HS601 model, and may 
include features as disclosed in GB-A-2288913. Each 
satellite 3a, 3b is arranged to generate an array of 
beams covering a footprint beneath the satellite, each 
beam including a number of different frequency chan- 
nels and time slots. 
[0017] Referring to Figure 2, a mobile station 4 is gen- 
erally similar to the units presently available for GSM 
networks and comprises a codec, a controller 16, a 
microphone 10. a loudspeaker 11, a battery 12, a key- 
pad 13, a radio frequency interface, an antenna 14, a 
display 15 and subscriber identification module (SIM) 
smart card. 
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[0018] The codec comprises a low bit-rate coder, 
which generates a speech bit stream at 3.6 kbits/s. 
together with a channel coder, which applies error cor- 
rection codes to the speech bit stream to produce an 
encoded bit stream at 4.8 kbits/s. The low bit-rate coder 5 

is a linear predictive coder. The channel coder uses 
Viterbi coding. The codec also comprises complemen- 
tary decoders. 
[0019] The SIM includes a processor and a non-vola- 
tile memory which stores data identifying the subscriber 
and data for use in encrypted communication. 
[0020] Referring to Figure 3, as mentioned above, 
each satellite 3a, 3b produces a plurality of beams. 
Each beam provides one cell of the satellite mobile tel- 
ephone system. In Figure 3, cells 20-1 to 20-19 are 
defined by beams from the first satellite 3a and cells 21 - 
1 to 21 -19 are defined by beams from the second satel- 
lite 3b. 
[0021] The mobile stations 4a, 4b communicate with 
satellite access nodes 1a, 1b via the satellites 3a, 3b 
using a TDMA scheme. Viewed from a satellite 3a, 3b, a 
traffic channel TDMA frame comprises six time slots 
and lasts for 40ms. Each time slot lasts 6.67ms. The 
return path timeslots rO, .... r6 are shifted relative to the 
forward path time slots fO, .... f5. The degree by which 
they are shifted varies in relation to the distance from 
the satellite nadir and the cell to which a beam is 
directed because of the different propagation times. 
[0022] In a terrestrial cellular mobile telephone net- 
work, the signal typically takes a few microseconds to 
travel from a base transmitter site antenna to a mobile 
station and any variations are insignificant. Conse- 
quently, the TDMA time slot pattern is retained at the 
mobile station. 
[0023] In a satellite mobile telephone system with the 
satellites 3a, 3b in a medium earth orbit, for example at 
10 355km, the time taken for signals to travel between a 
satellite 3a, 3b and a mobile station 4a, 4b is longer than 
a time slot. In the case, of a satellite orbiting at 10 
355km, the one way propagation time to the nadir is 
34.54ms which is comparable with the frame duration. 
This situation is further complicated by there being a 
significant difference between the path length to the cell 
at the satellite's nadir and the path lengths to the cells at 
the edge of the satellite's footprint. This leads to signifi- 
cant differences in the times at which bursts arrive at 
mobile stations and in the times when mobile stations 
are required to transmit in order for their signals to fit in 
with the TDMA frame structure at the satellite. 
[0024] Referring to Figure 4, if a satellite is communi- 
cating with a mobile station in the cell at the satellite's 
nadir, a transmitted burst 31 in time slot fO is received as 
a burst 32 by the mobile station some 34.5ms later. 
While this burst is en route to the mobile station, the 
mobile station transmits a burst 33 so that it will reach 
the satellite in time slot r5 of the frame following that in 
which burst 31 was transmitted. If on the otherhand, a 
satellite is communicating with a mobile station in a cell 

at the edge of its footprint, the burst 31 will be received 
as a burst 34 after a somewhat longer journey than 
burst 33. In order for the return burst 35 to be received 
time slot r5 of the frame following that in which burst 31 
was transmitted, it must be transmitted by the mobile 
station correspondingly earlier than burst 33. 
[0025] For convenience, the paired transmit and 
receive frames of a traffic channel in the TDMA scheme 
are separated by a time (4.5 time slots for example) that 
allows the mobile station to transmit and receive bursts 
in successive time periods. 
[0026] It can be seen that the different path lengths 
mean that a burst from the satellite can arrive at a 
mobile station at any time within a 10ms window. Simi- 
larly, the mobile station must adjust the timing of the 
bursts that it transmits within a 10ms window. Thus, 
20ms must be set aside at the mobile station for each 
exchange with the satellite. 
[0027] Under normal conditions, a mobile station only 
has one exchange with a satellite during each 40ms 
frame. However, under certain circumstances it is desir- 
able to provide path diversity or double data rate. In this 
case, the mobile station has two exchanges, with the 
same or different satellites, during one 40ms frame. 
[0028] The broadcast control channel is transmitted 
using a different carrier frequency to the traffic chan- 
nels. Each broadcast control channel burst comprises 
120 symbols (6.67ms) and one burst is transmitted in 
every 25 timeslots. Consequently, the broadcast control 
channel bursts cycles through timeslots corresponding 
to traffic channel timeslots 0 to 5 in 1 second. 
[0029] Each burst comprises 120 symbols and each 
frame is 720 symbols long. At a mobile station operating 
in diversity mode, gaps of upto 120 symbols duration 
occur between bursts. The worst case occurs when the 
bursts are evenly spaced at the mobile station, in which 
case a gap of 60 symbols duration occurs between 
bursts. 
[0030] When a mobile station is to be handed over 
between cells, belonging to the same or different satel- 
lites, the satellite access node, with which the mobile 
station is communicating, must obtain from the mobile 
station reports of signal measurements for the cell in 
which the mobile station is currently located and neigh- 
bouring cells. The reporting of the signals in neighbour- 
ing cells fails into two categories:- 

(a) those that require the mobile station to perform 
background received signal strength measure- 
ments for the current cell and neighbouring ceils, 
associated with either the serving satellite or a non- 
serving satellite, rank the measurements and report 
a subset corresponding to at least the current cell 
and the highest received signal strength for cells of 
the serving and non-serving satellites; and 
(b) those that require the mobile station to synchro- 
nise to the transmissions to a neighbouring cell and 
then report on it, in which case if a cell is associated 
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with a non-serving satellite, timing and frequency 
measurements are reported. 

[0031 ] A certain amount of time is required to perform 
these measurements and report them. Consequently, if 5 
a mobile station is operating in diversity mode, i.e. two 
exchanges per frame, if the network cannot provide an 
estimated time of arrival for a burst of a neighbouring 
cell, the time allocated to an exchange will need to be 
stolen when the mobile station is first commanded to 10 
perform type (a) monitoring of signals from a non-serv- 
ing satellite or has previously failed to find a broadcast 
control channel burst originating from a non-serving sat- 
ellite, and whenever the mobile station is commanded to 
perform type (b) monitoring. 15 
[0032] Alternatively, the network can include addi- 
tional functionality for deriving the position of the mobile 
station 4 and use this together with known orbit data to 
signal to the mobile station 4 the time of arrival of the 
BCCH bursts of a neighbouring cell. 20 

Handover to neighbouring cell of serving satellite 

report for the expected new cell (steps sbsl and ms1). 
The request is sent using the slow associated control 
channel. The mobile station responds to the request by 
including in its report the most recent value for that cell 
and sending this to the satellite access node 1 of the 
satellite access node 1. 
[0037] If the mobile station 4 is operating in diversity 
mode, the 20ms window is not available for performing 
broadcast control channel signal strength measure- 
ments. In this case, the mobile station 4 must perform 
the measurements between bursts. As described 
above, the worst case provides a maximum gap 
between bursts of 60 symbols. Allowing for the time 
required to retune the mobile station's local oscillator, a 
minimum period of 38 symbols duration is available 
measuring a broadcast control channel signal strength. 
The reduced measurement time reduces the accuracy 
of the measurement but not so much as to make the 
measurement unreliable. 
[0038] In both of the above cases, the mobile station 
does not need to synchronise with the broadcast control 
channel whose signal is being measured. 

[0033]   If the mobile station 4 is not operating in diver- 
sity mode, it repeatedly monitors the received signal lev- 25 
els for the neighbouring cells during the 20ms of each 
frame not occupied by an exchange and possibly in the 
nominally occupied 20ms by using a reduced burst. For 
each neighbouring cell, and the current cell, the mobile 
station estimates the time of arrival of the broadcast 30 
control channel bursts. It does this by calculating, for 
each cell, ATN mod 25 where ATN is the current abso- 
lute timeslot number. Since, the broadcast control chan- 
nel burst cycle through the 6 traffic channel timeslots 
once every second, the mobile station need not wait 35 
longer than 0.5 seconds to receive a broadcast control 
channel burst for a particular cell. 
[0034]    Phase shift keying is used for the broadcast 
control channels and for each broadcast received, the 
mobile station calculates the average burst signal 40 
strength using: 

£(/2+Q2) 
P - f=0 

s~ T 
45 

where Ps is proportional to the average received signal 
power, / and Q are similarly proportional to the in-phase 
and quadrature components of the amplitude of the so 
received signal. 
[0035] The mobile station stores a list comprising the 
received signal strengths for each of the broadcast con- 
trol channels that it can monitor. 
[0036]    If the satellite access node 1 at the satellite ss 
access node 1a determines that a mobile station 4 may 
need to be handed over to another cell, it requests from 
the mobile station 4 a received signal strength level 

Handover to neighbouring cell of non-serving satel- 
lite 

[0039] In order to be able to predict the arrival times 
for broadcast control channel of the neighbouring cell, 
the mobile station 4 is provided with the propagation 
time for signals from the neighbouring satellite to the 
cell. The accuracy of this measurement may be limited 
by system configuration to the cell's z-arc (i.e. distance 
from nadir) or may include more accurate information. 
[0040] Using the propagation time and knowledge of 
the system's time base, the mobile station 4 identifies a 
20ms window, not being used currently for exchanges, 
during which the neighbouring cell's broadcast control 
channel burst can be detected. This window is opened, 
and the broadcast control channel burst is detected and 
its actual timing determined. 
[0041] Once the actual timing has been established, 
the signal strength of the broadcast control channel 
burst is determined during another 20ms window, again 
using the formula: 

£(/2+Q2) 

^s=^r  

[0042] If the mobile station 4 is operating in double 
data rate mode, it must steal one of the 20ms periods 
being used for exchanges so that it can acquire the 
broadcast control channel burst timing. However, once 
the timing has been acquired, rt does not steal another 
20ms period but measures the broadcast control chan- 
nel burst signal strength between bursts as described 
above. 
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[0043] When the mobile station 4 is operating in diver- 
sity mode, it only transmits one burst per frame but 
receives two. In this case the measurement is per- 
formed in the period of the mobile station transmit burst 
that corresponds to one of the received bursts but which 
is not being used by the mobile station. 

Full report requested for neighbouring cell of serv- 
ing satellite 

[0044] The satellite access node 1 transmits to the 
mobile station 4 a request for a full report on a neigh- 
bouring cell. This may be done to confirm that a rou- 
tinely sent report was not in fact a measurement of an 
interfering signal. The mobile station 4 responds to this 
request by breaking from its cyclical measurement of 
broadcast control channel signal strengths and opens a 
20ms window when the broadcast control channel burst 
in question is due to arrive. During this window, the 
mobile station 4 measures the signal strength of the 
broadcast control channel as described above and 
reports it to the satellite access node 1. 
[0045] The report has three fields, a signal strength, a 
burst timing field and a burst carrier frequency field. 
Since the cell belongs to the serving satellite, the satel- 
lite access node 1 does not need the timing and fre- 
quency data and these fields are left empty but can be 
filled to provide proof against interference or spurious 
signals. 
[0046] If the mobile station 4 is operating in diversity 
mode or double data rate mode, it responds to the 
request by breaking from its cyclic measurement of 
broadcast control channel signal strengths and meas- 
ures the signal strength, burst timing and frequency of 
the broadcast control channel in question. This value is 
then reported back to the satellite access node 1. In 
diversity mode, the measurement is carried out in the 
period of the mobile station's transmit burst that corre- 
sponds to the unused mobile station receive burst 
period. 

Full report requested for neighbouring cell of non- 
serving satellite 

[0047] In this case, the report is again sent in 
response to a specific request. In response to the 
request, the mobile station 4 by breaks from its cyclical 
measurement of broadcast control channel signal 
strengths. 
[0048] If the mobile station 4 is not operating in diver- 
sity mode, it measures the broadcast control channel 
burst signal strength as described in the second exam- 
ple. Thereafter, it opens two further 20ms windows dur- 
ing which it performs timing and frequency 
measurements. 
[0049] If on the other hand, the mobile station 4 is 
operating in double data rate, it steals 20ms periods to 
make respectively signal strength, timing and frequency 

920 143 A1 8 

measurements. In diversity mode, the mobile station 
uses the unused transmit burst period which partners 
one of the received diversity bursts. 
[0050]    The report sent back to the satellite access 

5 node 1 comprises the signal strength, the difference 
between the propagation delay from the serving satellite 
and that from the non-serving satellite and the differ- 
ence between the doppler shift for signals from the serv- 
ing satellite and that for signals from the non-serving 

10 satellite. 

Claims 

1. A method of reporting received signal characteris- 
15        tics in a mobile telephone network employing 

TDM A for communication between a base station 
and a mobile station (4a, 4b), the method compris- 
ing making measurements at a mobile station and 
transmitting a report, generated on the basis of said 

20 measurements, to a base station wherein the 
measurements are performed between transmis- 
sion and reception of TDMA bursts by the mobile 
station and the frame structure of the TDMA 
scheme does not include idle frames. 

25 
2. A method according to claim 1, wherein the propa- 

gation time between a station, directly in communi- 
cation with the mobile station, and the mobile 
station is greater than the duration of a burst. 

30 
3. A method according to claim 2, wherein said station 

comprises a satellite orbiting the earth. 

4. A method according to claim 2 or 3, comprising 
35        operating said station and the mobile station to 

exchange two bursts per TDMA frame, wherein 
said measurements are made by the mobile station 
instead of transmitting a burst. 

40 5. A method according to claim 2 or 3, wherein the 
mobile station receives two bursts per frame from 
one or more stations and transmits a burst during a 
slot complementing the slot of the better of the two 
received bursts, said measurements being made 

45 during the slot complementing the slot of the worse 
of the two received bursts. 

6. A method according to any preceding claim, 
wherein the base station transmits a measurement 

50 request to the mobile station and the mobile station 
responds by performing said measurements. 

7. A method according to any preceding claim, 
wherein said measurements include measure- 

55        ments of received signal timing and/or frequency. 

8. A mobile station for a mobile telephone network 
including a control processor, wherein the control 
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processor is programmed to control the mobile sta- 
tion to perform the mobile station's role in a method 
according to any preceding claim. 
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